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Glass capillary gas chromatography of homologous series of esters 

Separation of homofogous series of esters of halogenated carboxylic 
acids on a giass capillary column with the non-polar stationary silicone 
phase OV-101 

KXREL KOLl.iREK+. LENKX HORNOVA and JXROSLAV CHURACEK 

D?pUrZi?Wfr?r of‘_-katrrid Ck~?li.~Ir_~~. Insriture of- Chemicut Trchnoto~~. 532 10 Pardubice ( Czechostomkia) 

(Recziled Xlarch 15th. 19S1) 

Few papers have been published on the capillary gas chromatography of ho- 
tnologous series of halogenated esters of carbosylic acids. Jamieson and Reid’ sep- 
arated trifl uoroacetates of aliphatic alcohols on capillary columns coated with EGSS- 
X. BDS and DEGS. Recently. systematic capillary gas chromatography of homolo- 
gous series of halogenated esters of m-carbosylic acids has been reported by Kor- 
hon+n’i. Our earlier vVorks’-’ ’ dealt vvith the gas chromatography of homologous 
series of halogenated esters containing tluorine. chlorine. bromine and iodine atoms 
in either the alcohol or the acid moiety of the ester on packed columns with five 
different polar stationary phases. This problem has now been solved using glass- 
capillary gas chromatography_ Retention indices, 1. and increments of retention in- 
dices, Lilx, were used to correlate the type and number of halogens in the acid moiety 
of the ester molecule. 

This paper describes a study of the gas chromatography of mixtures of homol- 
ogous series of C,-Cl6 n-alkyl and C,-C, isoalkyl acetates (AC). monochloroace- 
tates (MCIAc), dichloroacetates (DCIAc). trichloroacetares (TCIAc), mono- 
bromoacetates (MBrAc). monoiodoacetates (M IAc) and trifluoroacetates (TFAc). 

The column temperature was maintained at 8O’C for the Iovver esters and at 
2DO‘C for the higher ones_ 

_AnaIyses were performed on a Fractovap Model 2150 gas chromatogmph 
(Carlo Erba. Milan. Italy), equipped with a flame-ionization detector and a home- 
made gIass capiilary column (I 5 m x 0.22 mm I.D.) coated with OV-101 by a 
dynamic method_ The glass capillary column was prepared from soft soda-lime glass 
(I-inihost, Jablonec, Czechoslovakia). The inner walls were roughened by the method 
of Onuska er al.” and deactivated with dimethyldichlorosilane by a static method at 
22O’C. Nitrogen was used as carrier gas at a flow-rate of IO-30 cm/xc. The splitting 
ratio was i : I50_ The temperatures of the injector and detector were 250 and 3OO’C, 
respectively, for separation of the higher esters_ The column temperature was main- 
tained at SO’C for the lower (C,-C,) and at 2OO’C for the higher (C,-C& esters. The 
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retention times of methane, the esters and of the n-alkanes used for the cakxlation of 
retention indices were measured with a stopwatch. 

Samp [es 

Mixtures of halogenated acetates were prepared from the individual esters. 
Halogenated esters were prepared by azeotropic esterification. Acetates were ob- 
tained by the usual sulphuric acid-catalysed esterification of commercial acetic acid. 
Their synthesis was described ear!ieP*‘_ 

RESULTS AND DISCUSSION 

The influence of the type and number of halogens in the acid moiety of C,-C,, 
Jr-alkyl and C,-C, isoalkyl acetates on the retention characteristics was studied. The 

retention indices hnd their increments for single halogen atoms (Al,) and methylene 
groups (M,,.) are presented in Tables I and II. 

TABLE I 

RETENTION IXDICES OF C,-C, XLKYL ESTERS AND THEIR INCREMENTS AT SO C 

Act, 
Act, 

, Act, 
A& 
AcC, 

I AcC, 
I 

1AcisoC, 
! AcisoC, 
i.kisoC, 

525.9 - 
595.7 69.8 
695.5 100.1 
796-A 100.6 
596.5 100.1 
996.6 !oO.l 

64623 
757.1 
S59.7 

/MCIACC 
kI*CC; 

I 
,MClAcC, 

I 

MC 1 ACC, 
hlC!AcC, 
MC 1 ACC, 

729.4 - 
506.4 77.0 
907.5 

1OO;_i 
96.1 
9s.9 

llQO.7 9s.s 
120023 100.6 

MC 1 AcisoC, 850.7 
IMC I AcisoC, 959.6 

MclAcisoC, 1063 

DClAcC, 
DClAcC, 
DClAcC, 
DClAcC+ 
DCIACC, 

~DCIACC, 
I 

511.5 - 
ssz.4 70.0 
974.5 92 1 

1069-S 95.3 
1166.9 97.1 
1267.0 100.1 

- 
110.-l 
102.5 

- 
1os.9 

102.9 

- - 

203.5 
710.7 
106‘7 
205.0 
103.7 

- 204.1 

- 103.9 
- 201.1 

- 202.s 

185.6 203.5 
X56-7 210.7 
275.7 106.7 
‘73.4 
270-4 

105.0 
203.7 

270.4 204.2 

- 

- - 
- - 

82-l - 

76.0 - 

72.0 - 

6S.4 - 

66.7 - 

66.2 - 

(Cormhued on p. 14-f) 
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TABLE 1 (contimed) 

DCIXciscC, 91O.S - 270.0 203.9 70.1 - 
DC 1 _kisoC, 1028.8 X08.0 271.6 1024 69.2 - 
DCLQisoC, 1129.6 1OO.S 769.9 202.8 67.1 - 

TClAcC, 595.5 - 369.6 203.5 821 S4.0 
TCI_AcC2 961.7 662 366.0 210.7 76.0 79.3 
TCIACCj 1051.2 89.5 355.4 206.7 71.0 76.7 
TCIAcC, 1 l-u.5 93-3 348.1 205.0 68.4 74.7 
TClAcC, 1240.1 95.7 343.7 103-7 66.7 73-3 
TCIAcC, I339_i 99.5 343-i 104.2 66.2 71.7 

TClXcisoC, 995.9 - 119.1 
TC I XcisoC, 1103s 107.9 346.6 
TCl AcisoC, 1103.3 99.5 343_6 

70.1 75.1 
69.2 75.0 
67.1 73.7 

>I BrAcC, sO0.2 - 274.3 
MBr.AcC, 873.4 73.2 277.7 
hlBKXCC, 969.5 96.1 273.7 
MBKXCC, 1067.5 9s.3 271.: 
31BracCj 1166.7 9s.9 270.1 
MBrhcC, 11652 99.1 269.1 

MBrAcisoC. 
MBr.AcisoCI 

916.’ 
1025.5 

SlBrXcisoC, 1127.9 

- 269.4 
109.6 166.6 
102.1 265.1 

blI.AcC, SS6.0 - 360.1 
Mlxcc, 960.5 71.5 374.S 
&f IXKa 1056-S 96.3 361.0 
hfI_kC, 1153.5 96.7 357.1 
MLACC, 1251.3 97s 3X8 
SlI_~cC, 1349.9 98.6 353.3 

MIAcisoC, 999.9 - 353.1 
MI_Acisoc, 1111.6 III.7 35Xl 
X1IkcisoC, 1209.9 9s.3 350.1 

TF_AcC, 569.6 - - 1’6.1 
TFAcC, 664.3 94.7 - 132.1 
TFAcC, 761.0 96.7 - 13% 
TFACC, s5s.s 97.5 - 137s 

TFAcisoC, S18.8 - - 118.0 
TFAcisoC, 615.4 96.6 - 13l.S 
TFAcisoC, 711.9 99.5 - I;-!.9 

203.9 
202.4 
102.8 

- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 

- 
- 
- 

- 

The increments of the retention indices for chlorine, bromine, iodine and 
fluorine atoms (4Z,,? 4Zzx7 4ZJ were calculated as the difference between the indices 
for the halosenated acetate examined and those for the corresponding unhalogenated 
one. 

The retention increments for chlorine atoms adding to the chloroacetate and 
dichloroacetate molecules (LIZ,,, and 4Ztncl) were calculated from the differences 
betueen the retention indices of the higher-chlorine-substituted ester and the lower- 
substituted one, e-g. 4Zm, = Z(TClAcC,) - Z(DClAcC,) and 4Z,,, = Z(DClAcC,) 
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T. .BLE II 

i.ETENTION INDICES OF C&Z,, ALKYL ESTERS AND THEIR INCREMENTS AT 200°C 

MCIACC;~ 
MClAcC,, 
MClAcC,, 
MClAcC,, 

12007.5 - 216.4 216.4 - - 
1307.0 99.5 215.3 215.3 - - 
1406.0 99.0 216.6 216.6 - - 
1507.2 101.2 217.4 217.4 - - 
1607.2 100.0 215.0 215.0 - - 
1507.2 200.0 217.6 217.6 - - 
2OOs.3 201.1 217.7 217.7 - - 
2209-S 201.5 21s.7 215.7 - - 

DClAcC, 1285.5 
DC l_AcC-; 13S5.2 
DClAcC, 14S4_3 
DClAcC, 1583.1 

DCl_AcC,, 1684.0 
DCIAc& 1883.8 
DClAcC,, 2os5.3 
DClAcC,, 2257.0 

TClAcC, 1366.7 
TClAcC, 1165.1 
TCIAcCy 1563-S 
TClAcC, 1663.3 
TClAc& 1762.7 
TClAcC,, 1963.0 
TClAcC,, 2163.5 
TClAcC,, 236-Z-9 

MBrAcC6 1253.4 
MBrAcC, 13S4.2 
MBrACC, 1454.1 
MBrAcC, 15S4_6 
MBrAc& 16S4.S 
MBrAc& 1885.3 
MBrAcC,, 2086.2 
MBrAcC,, 2257.6 

MI_4cC, 138.23 
MIAcC, 1451.7 
MIACC, 1581.2 
MIACC, 1651.3 
MIAcC,, 1782.0 

991.1 - 
1091.7 100.6 
1189.4 97.7. 
1359.8 100-4 
1389.2 99.4 
1589.6 200.4 
1790.6 201.4 

1991.1 200.5 

- 

99.7 
99.1 
99-s 

99.9 
200.5 
200.3 
201.7 

9s.4 
98.7 
95.7 
99.5 
99.4 

200.3 
200.5 
201.4 

- 

99.8 
99.9 

100.5 
100-2 
200.5 
200.9 
Ml-4 

99.4 
99.5 

100.1 
100.7 392.8 

29-L-l 216.4 75.0 - 
293.5 215.3 75.2 - 
294.9 216.6 75.3 - 
294.3 217.4 76.9 - 
294.8 218.0 76.5 - 
295.2 217.6 77.6 - 
294.7 217.7 77.0 - 
105.9 215.3 77.2 - 

375.6 216.4 is.0 s1.2 
373-a 215.3 75.2 79.9 
374-4 216.6 75.3 79.5 
373.5 217.4 76.9 79.2 
373.5 2lS.O 76.8 75.7 
373.4 217.6 77.6 75.2 
372.9 217.7 77.0 78.2 
373.8 218.7 77.2 77.9 

293.3 
292.5 
294.7 
194s 
295.6 
295.7 
295.6 
Z96.5 

- 
- 
- 
- 
- 
- 
- 
- 

391.2 
390.0 
391.8 
391.5 

(Conrinued on p. 146) 
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T-ABLE II ~conrinued) 

firers I 4&!1: 4~.~.XX~ JI,ct 4Ir,c1 4I,,,c, 

TFXcC, s3o.s - - 160.3 
TFAcC- 917.1 96.1 - 16-l.5 
TFXcC, i 0’6.~ 9V.! -163-l 
TFAcC, i 123.6 97.3 - 166.2 
TFXcC,, I?70.0 96.1 - 169.2 
TF_AcC,2 111s.o 19s.o - 171.6 
TFAcC,~ i617.A 199.-I - 173.2 
TFAcC,, 1516.-I 199.0 - 1 i-1.7 
--- - 

- Z[ClAcC,). The apparent dependence of the values of the increments of the reten- 
tion indices for methylene groups (AI& and chlorine atoms (AZ,) on the structure of 
the esters is shown in Figs_ 1 and 2. Fig. 1 does not show the dependence of the 
retention indices of bromo- and iodoacetates on the carbon number of the alcohol 
moiety as their values are too close to the Z values of the dichloro- and trichloroace- 
tares. For the same reason, Fig 2 does not show the dependence of retention indices 
on the carbon number for bromoacetates. 

It can be seen that, in the case of the chloro-derivatives.the retention indices of 
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Fig. 1. Dependence of retention indices of C,-C, alkyl esters on carbon number in the alcohol moiety, 
obtained from measurements usiq an OV-101 column at SOT. Compounds: P = C,-C, isoalkyl tri- 
tluoroacerates; b = C,-C, n-alkyl trifhoroacetates; c = Cj-C, isoalkyl acetates; d = C,-C, n-alkyl 
acetates; e = C,-C, isoalkqi chloroacetates; f = C,-C, n-alkyl chloroacetates; g = C,-Cs isoaikyl 
dichioroa%tates; h = C,-C, n-aIkyI dichIoroacetates; i = C,-Cs isoalky1 trichloroacerates; j = C,-C, n- 
alkbl trichioroacetates. 

Fig. t Depndcnce of retention indices of C,-C,, n-alkyl esters on carbon number in the alcohol moiety 
obtained from measurements using an OV-101 column at XO’C_ Compounds: a = trifluoroacetates: b = 
acetates; c = chioroacetates; d = dichloroacetates; e = trichloroacetates; f = iodoacetates. 
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the esters increase with increasing chlorine number, as well as with the weight of the 
adding haIogen atom, respectiveIy_ The increases in the retention indices of the Iower 
halogenated esters arc 202-211 for the first chlorine atom, 268-274 for the first 
bromine atom and 350-375 for the first iodine atom. while those for the higher 
halogenated esters are 215-219 for the first chlorine atom, 292-297 for the first 
bromine atom and 390-393 for the first iodine atom. The increments in the retention 
indices for the second and third chlorine atoms introduced into the chloro- and 
dichloroacetate molecules are lower than that for the first one. However, for intro- 
duction of the three fluorine atoms into the acetates the increments in the retention 
indices become increasingly negative. This different behaviour of fluorinated com- 
pounds can be used to make easier the analysis of hydrosy compounds by converting 
them into their fluorine derivatives. The separation of a mixture of lower halogeno- 
acetates is shown in Fig. 3. 

Fig. 3. Chromato:rams of the sepac m of n-alkyl esters monochloroacetic (ml-m6). dichloroacetic (dl- 
d6) and trichloroacetic (tl-t5) acids and of isoalkyl esters of dichlorcacetic acid (id3-$5) using an OV-101 
column (15 m x 0.22 I.D.) at SO’C. 
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